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JAgVUAR Y 1881. 
I. On tile Absorption of dark Heat-rays by Gases and Vapours. 
By ERNST LECHER and JOSEPH PERNTER $. 
[Plate I.] 
M AGNUS and Tyndall, who, as is well known, have in- vestigated (the latter through a long series of years) 
the absorption of radiant heat by gases and vapours, arrived, 
on some points, at very different results. Other investigators 
also have devoted time and trouble to this investigation, and 
in particular to the absorption of heaf,-rays by aqueous vapour, 
without being able to arrive at any final decision. 
The difficulty of the observations in question, perhaps on few 
other questions of experimental physics so great as on this, 
hardly permits the employment of a method entirely fl'ee from 
objection; hence the explanation of the fact that hardly ever 
do we meet with such differences; and even contradictions, as
here. Thus, for example, Tyndall t finds that a layer of pure 
dry air of 1"'22 metre thickness transmits all the ravs of heat 
given off by a source of heat at 100 ° C.~: Magnus§, on 
Translated from a separate impr ssion, communicated by the Author, 
from Oie Sitzb. der k. .dkad. der Wissensch. in Wien, July 1880. 
t Tyndall, 'Contributions to Molecular Physics in the Domain of 
Badiant Heat.' (London, Longman, Green and Co., 1872.) We cite 
this work whenever possible for the investigations of Tyndall, since he 
has himself carefully collected all his different researches on the subject 
in this work. 
~i Zoc. cir. p. 19. § Pogg. Ann. cxii. 
-P]dl. ~llag. S. 5. Vol. 11. No. 65. Jan. 1881. B 
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2 MM~. Lecher and Pernter on tl~e Absorption 
the contrary, finds that a layer of air 275 millims, in thick- 
ness is sufficient o absorb 11 per cent.; and, lastly, Buff ~* 
believes he has observed an bsorption of 40 per cent. by a layer 
only 45 millims, in thickness. It  is remarkable that these 
results are in inverse proportion to the length of the absorb- 
ing layer, and so illustrate only the more strikingly the inex- 
plicable difference in the results of such excellent experi- 
menters. 
The uncertainty which these results left on the one hand, 
and on the other the indubitable absorption of heat-rays in 
the atmosphere, specially as shown by the pyrheliometric in- 
vestigations of Violle~ and Crova :~, induced us to undertake 
the present investigation. %f it should lead to the conclusion 
that the question can hardly be decided by absolute measure- 
ments in the laboratory, yet the results obtained may at least 
furnish definite starting-points for its decision. Further~ 
the numbers given by Tyndall for the vapours have been sub- 
jected to accurate investigation; so that some new points of 
view present hemselves in respect o physics. 
When, in what follows, we give numbers which for the 
most part deviate from those previously found, we are well 
aware of the difference, and wish at the outset o emphasize the 
fact that the values in question~ in spite of their deceptive 
coincidence with each other, are to be regarded as only some- 
what rough approximations. But we shall show immediately 
that all nmnbers hitherto given, including those of Tyndall 
which relate to vapours, are vitiated by important errors 
resulting from the mode of observation employed. 
Remarks on Methods p~eviously emplo~/ed. 
There are two essentially different methods which may be 
employed: the thermopile and the source of heatmay be 
placed in the same chamber in which the gas or vapour under 
examination is placed ; or one, or both, may be outside of the 
space filled with gas. The first method has been employed 
especially by Magnus§~ and then by Garibaldi [t and by 
Buff¶. 
Phil. Mag. [5] iv. ; Pogg. Ann. elvii. 
t Comp. 1tend. t lxxxii. 1868, 1. 
Mesures de ~in¢~nsit~ des radiations solalres~ par M. A. Crova. Paris~ 
1876 (Gauthier-Villars). 
§ Pogg. Ann. exit. 
II II nuovo Ct'mento, ser. 2~ t. iii. This work was accessible to us only 
by means of the reports in the Naturforschcr~ Jahrg. iv. 1871~ Nr. 33, and 
in Fortschrltte der 1)hysik~ 1871. 
¶ Phil. Maff. [5] iv. 
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of dark Heat-rays by Gases and Vapours. 3 
Without entering into details, we may remark that Tyndall 
has sho~ n that, with the source of heat in the experimental 
space, currents of air and conduction of heat are unavoidable; 
and this source of error is obvious. Moreover, so far as the 
literature of the subject is known to us, Magnus does not 
return to this question; so that apparently he has himself 
recognized this source of error. 
Buff endeavoured to avoid this error by rapid heating of 
the surface which serves as source of heat ; but the duration of 
the experiment, is always much too great, and, especially, cur- 
rents of air and conduction are not avoided. The most striking 
proof of this is found in BufFs tables, since the greater deflec- 
tion always takes place after the heating has been interrupted 
ibr some time, which could not have been the case if the heat 
radiated by the heated surface had been the sole cause of the 
deflection, as is required by the conditions of the experi- 
ment. 
Garibaldi moreover employed a concave mirror to concen- 
trate the heat-rays ; and we suspect that in this is to be found 
the reason of the incredible result which he obtained of an 
absorption of 92 per cent. by aqueous vapour. . 
Tyndall*, as is well known, first employed the second 
method. Since the space containing the gas is closed and 
yet nmst be open to heat-rays, the tube employed must be
closed on both sides by diathermanous substances. Tyndall 
employed plates of rock-salt. Dr. Franzt had previously 
employed glass plates, which, in consequence of the great 
absorption which glass exerts upon dark heat-rays, must 
clearly lead to very fallacious results. Tyndall's method was 
also employed by Wild:~ in determining the absorption of 
aqueous vapour ; but since the arrangement was precisely the 
same as Tyndall's~ the results must be open to the same 
objection. 
Since the perfect diathermancy of the plates which close the 
tube can never be attained, there must always remain a source 
of error in this arrangement. And even if the original objec- 
tion of Buff's, that rock-salt and air are of similar colour for 
heat-rays, isnot confirmed, it is at any rate clear from Tyndall's 
own researches § that rock-salt absorbs 16 per cent. of the ra- 
diation from u lampblack surface, and indeed, as he expressly 
maintains, in opposition to Melloni and Knoblanch, that rock- 
salt does not transmit all rays in equal proportion. 
Buffhas maintained that Tyndall found no absorption pro- 
duced by air, simply because air and rock-salt absorb the 
* £oc. clt. Memoir I. Jf Pogg. Ann. xciv. 
Ibid. cxxix. § Lee. cir. p. 322. 
B2  
D
ow
nl
oa
de
d 
by
 [U
Q 
Li
bra
ry]
 at
 05
:43
 04
 Ju
ne
 20
16
 
4 MM. Lecher and Pernter on the Absorption 
same rays in almost exactly equal proportions. The diather- 
mancy of rock-salt has always been examined in air, and then 
the diathermancy of air between rock-salt plates. This 
objection is completely justified iu the employment of Tyn- 
dali's method ; and it is necessary that the diathermaney of
rock-salt should be examined in vacuo. But our experiments 
made without rock-salt plates have shown that Tyndall's 
nmnbers, so far as they relate to air, are perfectly correct*. 
The employment ofrock-salt plates may therefore be allowed 
in experiments with di T gases, since the percentage of rays 
absorbed oes not appear to be materially influenced by the 
impertbct diathermancy of the rock-salt. 
';he case, however, is altogether different with vapours. 
Tyndall's numerous replies to the objection made by Magnus, 
that on the walls of the polished tube and on the inner sur- 
faces of the rock-salt plates vapour-adhesion must take plac% 
are by no means convincing. 
We wish from Magnus's deductions from particular exp.e- 
riments, according to Tyndall's own data, to collect a convin- 
cing proof of the magnitude of vapour-adhesion. Tyndall 
has remarked that it may not be a matter of indif[brenco 
whether the interior of the tube be polished or not. He 
recognized that exact investigation alone can set at rest the 
doubt whether the r sults will remain in the same proportion 
amongst themselves if the tube be blackened instead of being 
polished. It would have been the safest to make similar 
experiments with similar tubes, in the one case polished and 
in the other blackened, and to take special care that all other 
conditions remained unaltered. But Tyndall blackened only 
the half of the tube, and, in the experiment with this last, 
employed only a vapour-pressure of 0"3 inch, whilst in the 
experiments with the polished tube 4 feet long the vapour- 
pressure was 0"5 inch. 
With such an inequality in the conditions, it can be only a 
chance that the numbers given in Tyndall's table for the ab- 
sorption of the vapours examined are in the same proportion 
for file blackened and for the polished tube. Tyndall finds 
that it is only necessary to multiply the numbers found for 
the blackened tube by 4"5 in order to btain the numbers for 
the polished tube. 
* Moreover Tyndall has recently directly refuted Buff's objection (Prec. 
Roy. Soc. vol. xxx. p. 19). This paper is known to us only by the report 
in ~aturforscher, Jahr~. xiii. No. 16. 
t Loc. c/t. p. 35. I his and all following translations are as literal as 
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of dark Heat-rays by Gases and Vapours. 
Absorption per 100.. 
,~ ~ Absorption in 
~lackened tube. Polished tube. blackened tube 
Vapour. Pressure 0'3 inch. Pressure 0'5 inch. proportional to 
Sulphide of carbon... 5 27t 23 
Iodide of methyl ... . . .  15"8 60 71 
Benzol . . . . . . . . . . . . . . . . . .  17"5 78 79 
Chloroform .. . . . . . . . . . .  17"5 89 79 
Iodide of ethyl . . . . . .  21"5 94 97 
Wood-spirit . . . . . . . . . . . . .  26"5 123 120 
Netbyl alcohol ... . . .  29"0 133 131 
Chloride of amyl ...... 30"0 137 135 
Amylene . . . . . . . . . . . . . . .  31"8 157 143 
The last column gives the values of the first column multi- 
plied by 4"5. Of these nine substances, we find three for 
which the results deviate considerably from proportionality. 
Thus, the number for iodide of methyl in the last column dif- 
fers by 16 per cent. from thatin the middle column, the nmn- 
bcrs for chloroform by 11 per cent., and for amylene by 9 per 
cent. If  three out of nine substances (that is, one third) do 
not show this proportionality, it is to be expected that~ by in- 
creasing the number of substances experimented upon, other 
deviations would be brought o light--deviations which might 
make it impossible to maintain the theory of proportionality. 
Tyndall himself singles out the following eases : - -  
"With the blackened tube the order of the following sub- 
stances, beginning with the lowest, was 
Alcohol, Sulphuric ether, Formic ether, Ethyl propionate~ 
whereas with the polished tube the order was 
Formic ether, Alcohol, Ethyl propionate, Sulphuric ether"  
- - thus altoge[her different ! But we find in other tables values 
for the absorption of these substances in a polished tube at 
0"5 inch pressure as fo l lows: -  
Formic ether (Table XIV. p. 32) 133 
Alcohol (Table VI I .  p. 33) . . . . .  1575 
Ethyl propionate (Table XV. p. 32) 168 
Sulphurie ether (interpolated) . . . .  180 
possible [The reader is requested to bear in mind that, although in 
" ". the words used are not precisely those employed b  Dr. Tyndall~ but 
a li'teral translation of the German version.--EDs. Phil. Mag.] 
* The numbers under "absorption per 100 " are obtained from the de- 
flection of the galvanometer, a deflection ofl ° being taken as unit. Else- 
where absorption per 100 denotes the percentage of the total radiation. 
t According to Table VI. p. 27~ we should have expected 14'8 instead of 
this number. 
:~ At the place cited the number is given as 175, which must certainly 
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6 MM. Lecher and Pernter on the Abso~Ttion 
This last number (180) is interpolated from Tyndalrs expe- 
riments, and intentionally taken as unfavourably for our case 
as possible--that is to say, as small as possible. In order that 
sulphuric ether should stand before formic ether~ the deflection 
of the galvanometer must have fallen from 180 below 133. I f  
we take the total radiation as (unfavourably) small as possible 
(say at 300), then we find that even with an absorption of 50 
per cent. the result may vary about 30 per cent. of its valu% 
accordingly as we employ blackened or.p olished tubes. 
The numbers given above are values actually measured, and 
moreover with the full accuracy of which the method is capable. 
Tyndall believes that the reversal of the order may perhaps 
be explained by the impurity of the substances mployed with 
the blackened tube; but it is clear that we have nothing to do 
with impure substances and their absorption. But that this 
explanation is not correct is seen from later experiments~ where 
Tyndall employs glass tubes instead of tubes of brass. Now~ 
since glass i "much weaker in reflecting-power than brass" *~ 
the less-powerfully reflecting lass tube ought o behave nearly 
as a partly blackened metallic tube. And, in fact, Table I I I .  
of the second memoir gives exactly the same order for the 
quantities of heat absorbed as we have previously quoted for 
the half-blackened metallic tube. 
Exact calculations in this direction are not possible, since 
unfortunately Tyndall only very seldom gives the total :adia- 
tion. We believe, then, that we have shown~.from Tyndall' s own 
numbers~, that the absorption of radiant heat found when a 
polished metallic tube is employed is different f rom that obtained 
whenpartly-blackened tubes, or tubes of glass are employed. I~ 
follows, then~ at once that neither of the above cases yields 
correct results~ since in both reflection takes place. 
How important a source of error vapour-adhesion was~ can 
be seen from a closer examination of Tyndall's method of 
measuring the vapour admitted into the tube~ The arrange- 
ment to fill the large experimental tube ~ith vapour was 
shortty as follows : - -A glass tube was cemented onto the ex- 
perimental tube, which carried a small chamber (which we will 
call M) closed by two taps. One tap allowed communication 
to be made with the large tube, the other with a space in which 
the fluid to be experimented upon was contained without air. 
Evidently~ when this tap is open and the upper one closed, N[ 
be a misprint (see Phil. Mug. (4) xxii. p. 192, where the right number is 
found). It should be 157; for this value corresponds to a deflection of60 ° 
(see Tyndall~ p.29). Alsop. 157: "For the usual pressure of 0"5 inch, 
alcohol absorbs exactly twice as much heat as benzol." Benzol = 78 
(Table XII. p. 31)~ and 2 × 78 = 156. 
* Lee. cir. p. 71. t Zoc. cir. p. 78. 
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8 MM. Lecher and Pernter on the Absorption 
1 cubic inch; but as in our case the volume of M is only 
{ cubic inch~ the volume of the tube is 440 times that of M, 
and the vapour must have expanded into 440 times its volume; 
~3 
so that the pressure becomes 4--~" But after a repetition of 
the process 8"6 times (that is~ after the pressure in the tube 
has become 4-~ x 8"6), the totalpressure in the tube, accord- 
ing to the tables, had become half an inch of mercury. We 
have therefore the equation 
x × 8"6={ inch~ or x=25"6 inches mercury. 
440 
If  we make the same calculation with the numbers which cor- 
respond to a pressure of 1 inch in the table~ we find x from 
the equation 
2 
x 14"8=1~ or x=29"9 inches mercury. 
440 
We see~ then~ that there must have been a vapour-tension of
sulphide of carbon amounting to an entire atmosphere. But 
as this is only possible at 46°~ we have discovered some error~ 
the cause of which must be sought for. 
For benzol the calculations are still more surprising. The 
table gives us the following data : -  
(Table XII .  *) Benzol. Unit volume = ~o cubic inch. 
Volumes . 1 . 18"0 19"0 20"0 
Absorptions 4'5 67"0 69"0 72"0 
Further, the absorption was 78 at a mercury-pressure of { inch. 
I f  we extrapolate a little~ we find that if M were emptied 
22"5 times into the tube, an absorption of 78 would be ob- 
tained, which corresponds to the absorption at ½ inch mercm~:. 
A similar calculation to the former one gives 
~g 
220---0 × 22"5=0"5, or x=99"3 inches mercury ; 
that is to say, the temperature must have been about 100 ° C. 
The explanation of these impossibilities may perhaps be as 
follows. Regnaulti" has observed that the tension ofvapours is 
less in vacuo than in a space filled with air, and he explains 
this as the result of condensation on the walls; this causes a 
diminution of the tension of the vapour ; so that~ whilst in a 
vacuum compensation is instantly made by the liquid, in a 
space filled with air this requires time, and the full vapour- 
tension is never reached. In the same way the results of the 
above calculations may be explained. 
Lee cir. p. 31. ¢ I)ogg. A~,n. xciii.; MdmoS'es de rAcad, t. xx~i. 
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of dark Heat-rays by Gases and Vapour.*. 9 
When vapour forms in the empty chamber ]~1 from the 
liquid contained in the space below it, a portion condenses on 
the walls and runs down unseen. When the chamber is shut 
off from the liquid, therefore, it does not contain only vapour, 
but also the liquid which has condensed on the walls. Hence 
when communication is made with the large tube, not only 
does the vapour diffuse itself through the tube, but the liquid 
condensed in M also evaporates. There can be no doubt hal 
condensation takes place in the large tube also ; but since the 
evaporation is limited, equilibrium is attained. Hence it 
seems to us we have an explanation of the results of the above 
calculations; and at the same time we see that vapour-adhesion 
is so important a source of error in Tyndall's experiments that 
all his results must be considered oubtful. Still further, in 
his later experiments Tyndall changed the method of introdu- 
cing the vapour into the tube, allowing it to enter directly from 
a small flask in which the liquid was contained free from air, 
the tension being measured by a mercurial manometer. The 
enormous condensation which we have previously found on 
the walls of the small chamber M, now takes place in the largo 
tube. 
Another inaccuracy must be pointed out in Tyndall's method 
of dealing with percentages. It is the result of the method 
of compensation which he employs. The sensitiveness which 
is attained by giving the absorption in units of the galvano- 
meter, the first degree =1, is more than compensated by the 
inaccuracy in determining the deflection produced by the total 
heat in these units, since these deflections amount o 70 ° or 
80 ° , and one degree in this position is equal to about 20 units. 
Possibly this is the reason why Tyndall scarcely ever gives 
the deflection produced by the total heat. His tables hardly 
ever permit of our obtaining in any case of interest any thing 
else than the ratio of absorptions in such a case ; so that it is 
impossible to express the absorptions in percentages. 
We are acquainted with only one other research on the ab- 
sorption of radiant heat by vapour, besides the nmnerous 
researches of Tyndall in this direction, that, namely, of Hoor- 
weg*. This experimentalist endcavoured to avoid vapour- 
adhesion by allowing a stream of vapour to rise freely in the 
room between the source of heat and the thermopile. It is 
obvious that as a yuantitatlve determination this method must 
yield less accurate results than that which we shall immediately 
describe. Moreover, Hoorweg's chief object was to observe the 
behaviour o£ aqueous vapour, and his results are much less in 
contradiction with ours than are those of Tyndall. We shall 
* Pogg. Ann. ely. 
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of dark Heat-rays by Gases and Vapours. 7 
will become filled with vapour. I f  the tap leading to the fluid 
be closed and the other opened, communication is made between 
M and the large tube, and the vapour contained in M expands 
throughout the whole tube. This process may be repeated as 
often as desired ; and so the tube may be gradually filled with 
continually increasing quantities of vapour. The ratio in 
which the wtpour contained in M expands when it comes into 
the large tube may be obtained fi'om the cubic contents of the 
later, which Tyndall gives incidentally as 220 cubic inches. 
For the sake of clearness, we will take an example (that of 
e~her-vapour) in Tyndall's own words. Let us assume that 
M contained xot6¢ - cubic inch:--" The vapours, on entering 
the tube, have only the tension corresponding tothe tempera- 
tm'e of the laboratory, viz. 12 inches. This must be nmltiplied 
by 2"5 in order to give the ahnospheric pressure. If, then, 
the io l~ cubic inch, whose absorption, as shown, can be mea- 
sured, expands into a space of 220 cubic inches, it would have 
a tension of 
1 1 I 1 
22---0 x ~-5 x 1~ - 500000 
of an atmosphere ! " 
To examine the accuracy of this method, we will choose as 
examples ulphide of carbon and benzol, because the tables 
admit of a control for these substances. 
From the table for sulphide of carbon we take:--  
(Table VI.) Sulphide of Carbon. unitvolume = } cubic inch. 
Volumes . 1"0 2"0 . . . 7"0 8"0 9"0 13"0 14"0 15"0 
Absorptions 2"2 4"9 . . .  13"8 14"5 15"0 17"5 18"2 19"0 
Moreover, Tyndall gives for the absorption at a mercury- 
pressure of ½ and 1 inch the numbers 14"8 and 18"8. 
Now there can be no doubt of the conclusion that, whenever 
equal absorptions take place, there must be present equal 
numbers of molecules of vapour, and hence at the same tem- 
perature there must be equal vapour-pressures. At -~ inch 
pressure the absorption was 14"8; and the same absorption 
takes place, according to the table, ~ hen 3I has been emptied 
into the large tube about 8"6 times; and there must then have 
been in the tube a pressure of ½ inch. From this we can 
easily calculate what the pressure in M must have been each 
time for this result to have been obtained. 
I f  x denote the pressure in M, ~hen when M is put into 
communication with the large tube there will be a pressure of 
x in the tube, since the vapour expands into a space 220 
220 
times its own volume, supposing M to have a volume of 
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]0 MM. Lecher and Pernter on the Absorption 
return to this subject iu speaking of the absorption of aqueous 
vapour. 
Descr~39tlon f the ATparalus emplosed and of the J]fethods 
of Research. 
Guided by the considerations already given, and taught by 
many failures, we finally arranged method and apparatus as 
follows :--It was necessary to do away with rock-salt plates 
and all reflection, and yet to have the thermopile as well as the 
radiating-surface which served as source of heat in the same 
experimental space, so that there should be no conduction and 
no currents of air. We believe, then, we have solved this 
problem by means of a piece of apparatus which is represented 
in the accompanying plate on a scale about one tenth of the 
actual size. 
A is the special experimental vessel, an inverted glass bell-jar 
with the open end upwards. The thermopile S is placed on 
the bottom of this glass vessel on a wooden support b, and is 
without conical reflector or any similar arrangement for col- 
lecting the rays. Its upper face, carefully covered with lamp- 
black, is directed upwards towards the source of heat. The 
lower face is protected by a packing of cotton-wool against 
any possible sudden change of temperature. The aperture of 
the vessel A is closed air-tight by a special vessel B~ which 
carries an arrangement for radiating heat to the thermopile. 
This consists of a bottom plate of metal e, in the centre of 
which there is a round hole in which a metallic tube l, 3"5 
centimetres in diameter, issoldered. In this tube, at about one 
fifth of its height, there is a thin metal plate a, which, as well 
as l, is carefully covered with lamp-black. The distance from 
a to S was 310 millimetres. Into the bottom plate c a second 
tube, i, is soldered, into which the india-rubber stopper (which 
carries the manometer-tube e, the conducting-wires, and the 
tube r leading to the air-pump) is cemented air-tight. Besides 
these, the plate c carries a glass ring h, cemented round its 
outer edge, which is open at both sides and enables a current 
of water to circulate constantly about the tube I. The whole 
vessel A was placed in an ice-calorimeter C, as used by 
Lavoisier and Laplace. The water from the water-tap q flows 
into the inner space round the vessel A, then flows over into 
the outer space and runs off by the tube s. This arrangement 
ensures that the whole of the vessel A shall be surrounded by 
water always of the same temperature; so that the thermopile 
is always exposed to equal radiation from the glass walls 
of A. The tap p for the upper cooling vessel-terminates in a 
leaden tube which surrounds the tube l~ and is pierced with 
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of dark Heat-rays by Gases and Vapours. 11 
holes like a sieve; so that l is continually exposed to a current 
of water, which flows over the edge of h and runs off by the 
tube s. It need hardly be remarked that the temperature of 
the water was observed from time to time. In the course of 
months a slight change occurred ; but during the time 
occupied by an experiment the temperature was absolutely 
constant. 
After the temperature of the whole has become nniform~ 
the little plate a is suddenly to be increased in temperature by 
a certain amount. We sought o accomplish this by suddenly 
directing a current of steam against a. In the arrangement 
of the heating-apparatus it wasnecessary above every thing 
to consider that the thin copper plate a in a series of experi- 
ments must always be equally heated. But since, in consequence 
of the close neighbourhood of the large quantity of cooling- 
water, the loss of heat by conduction was considerable, it was 
only possible to secure equality in the radiation towards the 
thennopile (which was to be suddenly set in action) by always 
directing upon a equal quantities ofvapour with equal velocities, 
and also in the same direction and at the same distance fi'om 
a. Hence it was necessary that equal quantities of vapour 
should be generated in equal times. Hence, when ebullition 
commences, there must always be nearly the same quantity 
of water in the apparatus M employed for the generation 
of steam, and the flame should always be of the same size. 
The first object was attained by employing the arrangements 
for keeping M filled with water to the same level represented 
in the plate. The flask K, about five sixths full of water and 
inverted over the funnel T, has two tubes, passing air-tight 
through an india-rubber stopper, which dip below into the 
water in the funnel, and which terminate at different levels 
inside the flask, one just inside the stepper, the other reaching 
into the air in the upper part of the flask. This arrangement~ 
as is well known, secures a constant level in the water in T. 
Each time, on beginning to heat the vessel M, the tube was 
closed at o by means of a clamp, which was opened again a~ 
the end of the experiment. In order to have a constant source 
of heat under M, a manometer, m, containing petroleum, was 
used to measure the pressure of the gas supplying the burner 
z, the current of gas being regulated by means of the screw- 
clamp y. Another manometer, d indicated accidental excess 
of pressure in M. The production of vapour was allowed to 
become so rapid that the steam issued briskly from the 
end of the tube v. 'i'nis tube began and ended in glass tubes 
which were connected by a piece of caoutchouc tubing; and 
the whole was wrapped round with linen to prevent premature 
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12 MM. Lecher and Pernter on tire Absorption 
condensation of the vapour. The whole flexible tube ended 
in the stopper w, by means of which it could be adjusted in 
the brass tube l, as shown in the plate at w t. The stopper 
has incisions in it at the sides, through which the steam 
escaped after impinging upon the little plate a. The whole 
of the apparatus for the production of vapour was separated 
from the apparatus A B C by means of screws not shown in 
the plate. 
The pressure in A could be read off on the mercurial mano- 
meter R. The air-pump D, a good Ekling's pump, served for 
the exhaustion of A. In the experiments with vapours the 
tube N, arranged after the fashion of a wash-bottle, was 
employed, which contained the liquid the vapour of which was 
to be examined, and which was placed in a bath connected 
with the water-tap, so that its temperature might be kept con- 
stantly the same as in the vesselA. In this way the precipitation 
of the vapour in the vessel A was avoided. Dry and pure air 
was allowed to pass slowly through ~he fluid in small bubbles, 
so as to ensure its saturation with vapour at the temperature 
of the experiment. 
Whilst A could have been filled with air in about a minute 
and a half, we opened the tap b so little (g was closed) that 
it required two hours to fill A completely. The apparatus A 
will then be full of vapour at the maximum tension corre- 
sponding to the temperature. A small quantity may have 
condensed on the walls, and so reduced the tension slightly. 
This is, we believe, the only source of error in our method 
which has not been completely removed ; it can, however, 
hardly have much influence on the results. That a little 
vapour may have condensed on the thermopile and on the 
radiating surface a is of no consequence, since though possibly 
a small part of the radiation may be absorbed by it, yet the 
very fine, thin layer of luid will act like a slight increase in 
the layer of lamp-black. 
The air destined to serve as the carrier of the vaponr came 
from the gas-holder G, into which it was brought direct from 
the court of the Institute. From G it goes through several 
chloride-of-calcium tubes, and then through the three special 
pieces of apparatus, O, ~, Q. In 13 and Q are pieces of glass 
the size of hazel-nuts, "~ hich ha~ e been allowed to soak for a 
day in boiling sulphuric acid, and have then been placed in 
the vessels 1 ) and Q. After repeated washing with distilled 
water, the corks were adjusted and made air-tight, and then 
dry pure air was drawn through them for three weeks by 
means of a ]3unsen's filter-pump. Next, the whole apparafns 
was filled with chemically pure sulphuric acid by means of 
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of dark Heat-rays by Gases and Va_pours. 13 
the siphon-shaped glass tubes. After standing 24 hem's, the 
sulphuric acid was blown out the same way, and the end of 
the glass tube carefully cleaned. 
In O, on the other hand, pieces of marble were placed which 
had been cleaned on the surface with hydrochloric acid, then 
washed and dried, and moistened with a solution of caustic 
potash. This kind of purifying-apparatus is mainly adopted 
from Tyndall *, and should be employed in all researches in 
which the chemical purity of gases is required, instead of the 
usual Bunsen's wash-bottles. Lastly, the tube x must be 
mentioned, which was filled with pure cotton-wool and the 
upper portion with asbestos, to separate the organic germs~ 
which, according to Tyndall t, can only be separated in this 
way. 
• The galvanometer, . . . .  anordinarythermo-multiplier, the copper 
wire of whmh was covered with white silk free from iron, was 
placed several rooms away from the rest of the apparatus. 
It  was observed, in fact, that the galvanometer altered its zero- 
point considel~bly with change of temperature ; so that the 
room in which it was placed, on a small table attached to the 
wall, was kept with the windows closed in oMer to avoid change 
of temperature as much as possible. The instrument was 
provided with a mirror, and a scale at a distance of about 
3 metres from the mirror. A board was placed horizontally in 
front of the the scale, on which a small gas-flame could be 
moved by the observer at the telescope by means of cords, so 
as to adjust the illumination of the scale. In this way the 
scale was easily illuminated, even when the deflection was very 
great, without any elaborate arrangement. 
The coil of the galvanometer consisted of copper wire 
3"5 millims, thick. No binding-screws were employed. At 
the points where this wire was to be connected with the wires 
leading from the thermopile, the wires, after being carefully 
polished, were twisted together; then the joint was carefully 
varnished and plunged in water coming from the tap, so as to 
prevent he production of any thermo-current. 
One of the two conducting-wires was completely insulated; 
for we had occasion to confirm an observation already made 
by LamentS, that perfectly dry wood is no insulator for 
feeble currents. 
* I~oc. cir. p. 74. ~ Lee. cir. Memoir, 10, p. 341. 
~t Lament,/)er JErdstrom~ Leipzig (published byVoss), p. 7. When 
the one wire of our galvanometer was connected with the water-pipes, 
and the end of the other (insulated according to ordinary views) was held 
in the hand, a considerable current was produced in the apparently open 
circuit~ producing a deflection of nearly 100 divisions of the scale. 
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14 MM. Lecher and 1)ern~or n the Absorption 
The method of conducting the experiments was as follows:-- 
After the quantity of water in the heating-apparatus and the 
pressure of the gas had been adjusted and the water made to 
boil rapidly, one of us observed the galvanometer, whilst the 
other held himself ready to adjust the tube through which 
the steam was issuing in the tube 1. At a signal from the 
observer at the galvanometer the steam-tube was put into its 
place. The position of rest of the galvanometer was observed 
at the moment of giving the signal; the current produced 
drove the needle away; and the first deflection and three re- 
versal-points besides were noted. The whole observation 
occupied about 1½ minute. We believe that in this way we 
have completely avoided all errors resulting from air-currents 
produced. In'fact~ it could be seen from intentionally pro- 
tracted observations, of which we made many for the purpos% 
that when the maximum was reaeh~A at the time of the third 
reversal-point it remained constant at the time of the fourth~ 
but that generally a slight increase could be observed in the 
time from the third to the fourth, l~ot until the sixth~ and 
sometimes not until the eighth reversal, did the air-currents 
become perceptible. The logarithmic decrement for the 
vibrations of the pair of needles was determined as often as 
possible ; and the true deflection calculated from the three 
reversal-points, after the first deflection had taken plat% by 
means of the formula 
deflection = (1)~ +1)~) + k(p~ +1),) 2(t + k) R, 
where k is the ratio of the amplitudes of two consecutive 
vibrations, R the original position of rest~ and 1)~ P3,1)~ the 
reversal-points. The first deflection is not employed, since 
the rapidity with which the steam-tube was placed in l and 
similar accidents might affect it. 
Calculation showed that it was unnecessary ~o reduce parts 
of the scale to corresponding arcs. After each experiment 
was concluded in the manner described, the tube v waa 
brought again into its original position, and by opening the 
clamp o for a time the original level ot' the water was re- 
stored ; the small space above a was also carefully dried. 
A whole series of experiments was so arranged that the first 
three experiments were made in vacuo at intervals of 30 
minutes. Then the galvanometer was put out of the circuit 
by connecting the conducting-wires with each other by a 
copper bridge so that A could be xhausted. If the galva- 
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of darl¢ tleat-rays by Gases and Vapours. 15 
nometer had remained in the circuit~ the cooling of the thermo- 
pile by the rarefaction of the air in A would have produced a
powerful thermo-eurrent injurious to so delicate a galvano- 
meter. After A had been filled with the gas or vapour to be 
investigated an interval of two hours was allowed, so that its 
temperature, which had been raised by the gas rushing into it, 
might have sunk again to that of the surrounding water. 
Then the separate xperiments were made again~ in the same 
manner as already described. 
As some of the more extended series of experiments re- 
quired 12 to 14 hours, and so long a time was seldom at our 
disposal during the day~ we almost always made our experi- 
ments at night--a plan which had other advantages also, in 
consequence of the very unfavourable position of the In- 
stitute. The vibration from the crowded street visibly affected 
the galvanometer in the daytime; and its position of equili- 
brium was much more constant at night. 
RESULTS OF EXPERIMENTS, 
I. _Pure dry Air. 
The absorption of heat by this mixtm'e of gases is of the 
highest physical interest~ especially in questions of radiant 
heat. The results we obtained at first differed very much 
among themselves; and it was not until we had learned to 
take all the precautions which have been described that we ob- 
tained agreeing results. Of the large number of our experi- 
ments, in part of which snow was employed as cooling-agent~ 
we give two series. 
In all the following Tables~ R0 denotes the position of rest 
of the galvanometer before the heating took plac% RI the 
calculated position of rest after steam had been allowed to 
stream against the little plate a ; J gives the radiation which 
has passed through the medium, the intensity of the original 
radiation being put equal to 100 ; k denotes the ratio of two 
consecutive amplitudes~ and t the temperature of the water- 
bath in centigrade degrees. 
It must be remarked, with reference to the arrangements 
of this and following Tables, that~ in order to save space, two 
quite different series of experiments are often separated only 
by a line. 
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16 Messrs. Lecher  and Pernter  on tI~e Absorption 
od 
I1 
Deflee- 
Name and l~eversal-points, tion i~ 
Pressure divi- Mean. J. 
of gas. R° R1 sions 
of the 
~" I p'~' I ~" , p~" scale. 
Pure air at 66 663 543 660 608 622'8 556"8 ] 
atmospheric 66 675 538 666 608 624'9 558"9 1 557"1 100'08 
pressure. 66 82 534 664 603 621"6 555"6 
66 650 540 658 611 622"3 556'3 
Vacuum. 67 652 541 662 610 624"1 557"1 ~ 556"7 100"00 
67 657 538 662 610 623"6 556"6 , 
Pure air at 65 682 531 655 605 617"2 552"2 ] 
atmospheric 66 684 531 654 615 619"5 553"55 1 553"8 99"49 
pressure. 68 677 534 663 611 623'7 555"7 
66 648 537 656 609 620"1 554"1 ] 
Vacuum. 66 647 538 655 609 619"6 553"6 1 553"9 9"50 
64 647 535 653 608 617"9 553"9 
Pure air at 65 674 i542 648 612 616"6 551"1 / 
atmospheric 65 682!543 654 603 618"6 553"1 I551"3 100"14 
pressure. 66 90!530 655 602 616"l 550"1 
66 661 544 650 605 617"0 551"0 ] 
Vacuum. 65 659 539 650 603 615"5 550"5 1 550"5 100'00 
64 658 537 648 602 613"9 549'9 
Pure air at 63 670 538 645 596 610"5 547'5 ] 
atmospheric 64 670 538 648 600 613'3 549"3 I548"1 99"56 
pressure. 66 88 532 650 601 613"6 547'6 
65 660 540 650 603 615"6 550"6 ] 
Vacuum. 65 661 539 651 604 616"3 551"3 1 550"4 99"90 
641658 535 651 600 613"3 549"3 
We found that  in course of t ime the deflections on our 
galvanometer became continually smaller, part ly  because the 
needles became less nearly astatic, but  chiefly because the 
points of contact at the ends of the conduct ing-wires became 
oxidized in spite of the careful varnishing which they had 
received, and thus the resistance was increased. 
These changes were of course imperceptible dur ing any 
one series of exper iments;  but  they explain the differences 
observable in the deflections of two series of experiments, 
which may be pr inted the one under the other, though pos- 
sibly there may have been actually an interval  of some months 
between them. 
As far as the Table given above is concerned, i t  clearly appears 
that the absorption of heat-rays from a source at 100 ° C. by a layer 
of 31 centimetres thickness, is so small that it  cannot be mea- 
sured; for if  we take the mean of the first three experiments and 
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of dark Heat-rays by Gases and Vapours. 17 
of  the third three, and compare with the middle thre% and so 
also of the second and fourth with the middle three, we obtain 
for J : - -  
In  vacuo.. .  100"00 99"95 [ 100"00 99"75 
In  air . . . . . .  99"85 99"56 I 99"78 99"49 
or, as mean result~ that of 100 incident rays 99"78 pass 
through. The difference between these numbers is unques- 
t ionably not more than the unavoidable errors of observation. 
R 0 . 
Name and 
pressure 
of vapour. 
I I .  Moist Air. 
Pure dry air 66 
at atmosphe- 65 
o6 rie pressure. 63 5 
Aqueous 64 
"~ vapour 65 
7"4 millims. 66 
Pure dry air 64 
at atmosphe- 67 
rle pressure. 65 
Aqueous 66 
vapour 65 
7"4 millims. 66 
Aqueous 66 
vapour 64 
7'4 millims. 69 
II Pure dry air 63 
at atmosphe- 62 
tie pressure. 62 
.~ Aqueous 66 
vapour 69 
7'4 millims. 66 
I Deflee- 
Reversal-points. tion in 
divi- Mean. J. 
RI. sions 
of the 
Pl' 22" x~03" ~04" scale. 
673 524 655 590 611"1 545"1 l
662 525 654 589] 610"5 545'5 ~545"8 100'00 
661 523 650 594 609'7546"7 
688 523 658 592 613"4 549"4 i~ 
{~95 23 660 590 613'4 548"4 ) 549"7 100"71 
698 526 663i596 617"4 551"4 
693 520 661 594 614"7 550'7 
693 525 663 596 617'3 550"3 I 551"0 100"95 
694[ 5')-4] 661 599 617"1 552"1 
I 
696 524 664 594 616"9 550-9 ] 
684i 525 661 593 615"3 5503 ) 550'4 I00'84 
683 527 660 596 616"1 550'1 
693 520 660 583 610"5 544.5 ] 
692 521 658 582 6096 545"6 I545'2 99"87 
701 528 66J 587 614"5 545"5 
522 658 610.0 } 
680 525 655 583 609'0 545'8 100"00 
686 518 654 577 605"3 543'3 
697 526 660 579 610'3 544-3 | 
707 531 672 587 619"8 550-8 1 546"4 100-11 
697 525 660 579 610-2 544"2 
Ar ranged in the same way as before, we have for J : - -  
A i r  . . . . . . . . . . . . . . . . . .  100"00 100"00 I 100"00 
Aqueous vapour. . .  100"24 100"17 I 99"99 
or~ as mean result~ that of 100 incident rays 100"20 emerge. 
]~ence the result of these experiments is that moist air does 
not perceptibly absorb the heat-rays from a source at 100 ° C. 
No imaginable source of error has here been left out of ac- 
count. The arrangement for fi l l ing with moist air  was varied, 
the air allowed to stand for a long t ime over the water in the 
_Phil. Mug. S. 5. Vol. 11. No. 65. Jan. 1881. 0 
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18 MM. Lecher and Pernter on the Absorption 
gas-holder, and this moist air then passed through several 
wash-bottles into the experimental space, but with the same 
negative result. This result was so much the more surprising, 
since all experiments show absorption of the heat-rays of the 
sun by the atmosphere, which, since it cannot be ascribed to 
the pure air, has universally been put down to the account of 
the aqueous vapour. 
In opposition to this result is that obtained by Tyndall, 
who found an absorption of 4-6 per cent. * with a source of 
heat at 100 ° C., as also at higher temperatures. 
It  was shown above that vapour-adhesion must take place 
on the rock-salt and on the polished inner walls of the tube. 
To this we have nothing more of importance to add ; only the 
remark may be allowed that Tyndall himself does not con- 
sider his experiments in air, without a tube, decisive, and 
that the reflectors of the thermopile were allowed to remain, 
thus partially replacing the tube--an objection which applies 
also to ttoorweg s t work. 
We would express in the form of a question a thought 
which has frequently occurred to us during the study of this 
subject. Why did not Tyndall take the simplest way of 
setting aside the objections of Magnus, and simply use a 
blackened tube provided with diaphragms instead of the 
polished one ? Why did he content himself with making one 
experiment (in a case so readily open to objection) with a half- 
blackened tube, and then take his stand upon the proportion- 
ality of the action ? The matter seems o simple that we have 
never been able to understand why Tyndall did not experiment 
with blackened tubes. 
A statement which will possibly be quite convincing we 
leave till further on. 
In what follows we give the results of our experiments on 
gases and vapours. 
As far as the first are concerned, our numbers differs very 
little from those of Tyndall ; whilst with vapours we have 
almost always obtained ifferent values. Many of them were 
* Zoc. c/t. pp. 133, 134. 
t Lee. tit. p. 131. The experiments repeated by Frankland, at Tyndall's 
request~ lead to the same result (lee. dr. p. 183). For air saturated with 
aqueous vapour at a temperature of about 12 ° C. he gives 5½ per cent. 
Hoorweg (Pogg. Ann. clv.) found also anabsorption for aqueous vapour, 
though only about half as much as Tyndall gives. The method of allow- 
ing air saturated with aqueous vapour to rise freely does not appear to 
us to be free from objection. Would notinvisiblc globules of water form 
there very easily ? and would the walls of the reflectors and ofthe ther- 
mopilc actually remain unaffected ? 
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of dark tYeat-rays t,y Gases and Va2ours. 19 
measured with the same minute accuracy and care as the two 
already given~ since we hoped to draw conclusions on the rel:t- 
tion between pressure and absorption. Neverthcless~ from the 
experiments with ether vapour~ carbon dioxide, &c. this much 
may be concluded with certainty, that the well-known law of 
absorption J ---- lOOe-d~ 
does not apply here, since the coefficient x always becomes 
smaller as the thickness d of the layer becomes maller. Hence 
the absorption is selective ven with a source of heat at 100 ° C. 
The results will be discussed at the end of this paper. 
I. 
1. Meihyl Alcohol 
Name and 
pressure of 
vapour. 
Pure dry air. 
o6 CH~O, 
;~ 44 millims. 
o~ ~ Pure dry air. 
.~ CH40, 
I~ 44 millims. 
Reversal- points. 
1~ s . 
P~- P2. P.v P~- 
377 745 631 685 654 I 
375 739 635 6821655] 
388 751 651 6971664 
366 730 623 674 641 
370 738 630 681 647 l 
37C 784 624 677 645 
221 440 i 368 343 384 
22G 438 368 340 380 
219 4331 368 339 381 
217 4311364 338 377 
21~ 433 366 338 379] 
217 433 363 337 3761 
De~lee-q 
tion, InE 
UIYI- I Mean. 
1~1. SlOllS [ 
of tl~e f 
scale. I 
~65' 288'4 I
~64' 289"61 289"4 0"00 
378" 290"2 [ 
~54" 2884 I 
~60' 290'91 288'~ ,982 
~57" 287"3 I 
~60. ] 39"6 [ 
357" 137"81 138"~ ~0'0( 
/57' 138'6 I
355" 138'2 I
~56" 138"1 ' 137"~ ~9'4~ 
354" 137'2 
00 
 
'  
'42 
2. Formic Acid. 
o5 325 ] 565 
Pure dry air. 3261 571 
024 ] 569 
^~ O 1327 ] 564 
, ~n'2,,i.2' 3261 567 
1~o mlmms. 326 565 
486{51914981 506"51 181'5 t 181"6 100'00 
493{ 520 ]497 [ 507"71 181"7 
4961 505"7 [ 181'7 489{ 514 { 
483[ 520 [495 ] 505"4] 178'4 
486 518 496~ 505'2 179"2 179"0 98"55 
484 520 495 / 505"5 179"5 
3. Chloroform. 
o6 ] 320 559 
Pure dry air. 322 560 
[I 319 561 
1 CHC1 ,] 315 550 
• . 3, ! 320 560 
I '0 millims'(?)/320 561 
476 514 489] 499"2 1 79"2II 179"3 100"00 479 515 492 ~01.2[ ~792 
474 513 490 / 498"6 I 179"6 
470 ] 508 4831 493"21 178-2 
4771513 491[ 499"5[ 179"5 178"4 99"50 
4761511 489 / 497"6 / 177"6 
C2 
D
ow
nl
oa
de
d 
by
 [U
Q 
Li
bra
ry]
 at
 05
:43
 04
 Ju
ne
 20
16
 
20 MM. Lecher and Pernter on the Absorption 
5. Carbonic Acid. 
385 738 621 673 637 652.2 267.2 
395 710 608 656 630 639.2 244.2 
748","iliiml 367 90 685 587 631 602 6139 246.9 718 614 662 634 644.5 244.5 
380 723 614 663 630 6436 263.6 
C 0 2 ~  392 740 627 677 643 657-1 265.1 
390 740 625 676 642 655.9 265-9 
67 634 493 615 549 5723 508.3 
C?z* 68 634 500 616 549 5741 506.1 j50 mlllima. 65 637 494 613 555 573.5 508.5 
67 688 570 661 595 615.1 548.1 
4. Carbonic Oxide. 
Deflec- 
tion, in 
divi- 
sions 
of the 
Name and 
pressure of 
vapour. 
Reversal-points. 
R,. 
PI. 2 1 2  P3. P4. scale. 
_ _____________ _ -  ---- - 
380 852 718 769 737 749.6 369.6 II 359 820 693 750 719 729.9 370.9 
" 745 368 838 701 763 732 742.0 374.0 
345 829 707 763 734 743.6 398,6 
e 360 850 719 794 745 764.9 404.9 
R,. Mean. 
6 
- 
% 
II u
7 
.<> 
J. 
Pure dry air. 
743 
365 
----- 
373 
375 
382 
370 
373 
860 
855 
815 
771 
758 
754 
702 
707.5 
714 
701 
687 
693 
772 
776.5 
7725 
747 
787 
742 
727 
731 
739 
725 
713 
719 
745.3 
749.6 
751.3 
731.7 
720.3 
725.8 
380.3 
-------- 
3766 
376.3 
349.7 
3503 
3528 
377'7 I 
350.9 I 
10000 
92.90 
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I I .  
21 
1. Ethyl Alcohol. 
Reversal-point, s. :Name and 
pressure of R o- 
vapour. 
p,- p~- p3- P4 
C~H~O 3"0 836 593 754 i675 
• vapour, 7"5 8i5 592 761"5' 674 
20 millims. 7'0:843 604,749 687 
ft 7"0:1 848 624 783 713 
.~ C~ H 6 O, 100 i 845 631 784 709 
630 ! ~ 715 7 millims. 12'0 851 789 
9"0 844 640 777 739 
C 2H~O, 7"0 850 643!794 715 
~'~ 2"4 millims. 11'0 856 644 798 719 
5~ 
II 13"0 8851 661' 813 729 
Pure dry air 5'6 875 647 798 725 
14.o 658 813 738 
• !13 19791625 ~-  698 
C 2H o0, il 2 874 616i780 698 
22millims. 13 877 622 780 709 
H 
" 112 883 647 802 723 
CzH~,O, 13 885 649 805 735 
.-; 10"0 millims. 14 890,650 808 737 
• C 2H 60, 12 885 6641820 743 
8 872 661 803 746 
3"bmillims. 11 882 660 815 738 
5 918 670 807 764 
Pure air. 13 898 685 822 762 
14 902 684 817 774 
IDeflee-I 
tion, i~[ 
divi- 
Rl. sions mean. J. 
)f the 
scale. 
701"3 698"3 } 
705"0 697"5 697'8 93'50 
704'7 697"7 
733"6 7266 ~ 
734'6 724"6 ~ 725'8 97"25 
738"3 726"3 J 
742"0 733"0 } 
743"2 736"2 734"9 98"47 
746"4 735"4 
760-0 747"O } 
748"9 743-3 746"3 100"00 
762"6 748 6 
730"7 717"7 } 716.3[ 
725-8 713-8 93"49 
73O'5 717-5 
750"2 738"2 } 
756'6 743"6 742'1 96"85 
758"5 744"5 
768"8 754"8 } 
760-8 752"8 753'2 98"30 
763"9 752'9 
770"3 7653 
779"5 766"5 ~ 766'2 100"00 
780"7 766"7 J 
2. Acetic Acid. 
II 
a6 
I; 
370 
Pure air. 374 
380 
C2H402 380 
vapour, 361 
5millims. 366 
C2It 40~ 367 
~apour, 370 
5"lmifiims. 369 
/ 370 
Pure air. /383 
1383 
1813 686 
813 691 
819 695 
789 671 
767 651 
772 656 
756 658 I 
8o41682 
8171691] 
8,8/6921 
734 r692 
738 698 
744 699 
715 678 
690 664 
694 669 
t 
695 663 
703 665! 
697 666 
727 i691 
744 698 
745 698 
711"9 
716'7 
7"20 "4 
695"5 
674'7 
679 "7 
677'5 
682"7 
680"1 ~ 
707-9 
719"8 
720'6 
341-9 } 
342.2 341.5 100.00 
340.4 
315.5 
313.7 ~314.1 91-98 
313"2 J 
-31o7'T---  
312.7 ~ 311-5 92-35 
311-1 J 
337'4 ] ) 
336-S ] ~ 337"3 100"00 
337'6 t ] 
The acetic acid used was probably  impure  with water an( 
alcohol. The true absorpt ion will therefore be somewhat 
smal ler .  
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22 I~IM. Lecher and Pernter on the Absorption 
3. Ether. 
Deflec- 
l~ame and Reversal-points. bion, in 
divi- 
pressure R o. R1. sions Mean. J. 
of vapour, of the 
Pv i P2. Pa' P4. scale. 
1434"0 126~:1061 1183 1109 1138"4 704'0 
Vacuum. 1435"0 127C 1063 1183 1115 1141"2 706"2 704"8 100"03 
J r- 437.0 127~ 1063 1185 1113 1141.2 704.2 [I 
(C2It~)20, 437"0 1198 102~ 11417 1094 1105"0 668"0 
4"~5"0 1200 10N 1145 1091 1406'8 671"8 669"3 94"96 
12'8 millims. 437"5 120-!- 1025:11-14 1089 1106"3 668"3 
(C21:[5)20 ' 433 1128 95~ 1066 1020 1032"7 599'7 ~ 
435 1132 962107' 10251040"5 605"5 601'7 87"37 
41"2 millims. 435 1135 952 106 c 1025 1035"8 600"8 J 
(C2tt5)20, 436 1072 919 101[ 98C 987'3 551'3! 
435 1075 916 101C 975 982"7 547'7 549'3 77"94 
78-6 millims. 436 1078 920 101[ 97~ 984"8 548'8 J 
(C2H5)20 ' 436 1001 857 946' 91C 919"2 484"2 
438 1007 856 958 91~ 927"7 489"7 488"0 69°-,4 
125'2 millims. 437 1009 864 955 917 ~ 927"2 490"7 J 
(C2H5)20 ' 440 915 789 884 84~ 856"2 416"2 
233"Smillims. 435 911 774 866 855 847"0 412"0 J 412"9 58"59 
436 908 774 866 854 846"7 410"7 
(C2H~)oO 61 59~ 452 522 500 503"0 442'0 
- 59 59~ 448 518 494 498"3 439"3 439"3 54"00 
255'8 millims. 59 58£ 445 512 501 497"2 438"2 J 
(C~H5)20 ' 60 797 625 716 679 688"5 628"5 
62 796 61~ 729 683 695"3 633"3 630"3 77'43 
68"5 millims. 64 788 63C 722 684 694"0 630"0 J 
(C2H~)20 ' 56 886 70C 811 765 777'5~ 721'5 
19"0millims. 60 884 701 811 763 776"7 716"7 719"3 88'32 
56 870 69~ 803 766 775"8 719"8 
64 1048 804 927 851 881-2 817'2 ] 
~? Vacuum. 63 ~013 800 921 853 878"2 815"7 ~ 814"4 100'03 
II 811"0 87O'0 59 1018 789 911 8491 
4. Ethylene (Olefiant gas). 
Pure dry air. 
C2H~, 
751 millims. 
Pure dry air. 
212 
201 
208 
179 
205 
213 
213 
200 
201 
435 363 39~ 37C 385"3 
425 354 387 36C 374'6 
434 363 39~ 377 384"9 
295 256 276 267 269'5 
321 283 302 291 295'2 
338 289 310 306 3033 
435 363 399 379 386"6 
426 354 390 369 376"9 
429 355 391 370 377"8 
173"3 
173"6 
176"9 
90"5 
90"2: 
90"3 
173"6 
176'9 
176"8 
174"6 1100'00 
90"3i 51"74 
175'4 100"45 
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of dark Heat-rays byGases and VaTours. 23 
II I .  Fermentation--Butyl Alcohol. 
Name and 
pressure 
of vapour. 
Pure dry air. 
Q6 C4tt 100 ' 
3 mill]ms. (?' 
Reversal-points. 
R o. 
T,.  T2. T3- P4" 
447 746 656 692 665 
448 741 653 690 670 
449 741 65i 691 671 
445 701 624 656 637 
454 715 632 670 651 
448 713 633 665 645 
Deflec- 
tion, in 
divi- 
Rr sions 
of the 
scale. 
676"9 229"9 
677"4 229-4 
677"7 228"7 
644.2 199-2 
657'1 203"1 
652"9 j 204"9 
Mean. 
229"3 
202'4 
J. 
100"00 
88'27 
Purification by fractional distillation was not possible, 
because of the small quantity of the substance at our disposal. 
IV. Fermentation--Amyl Alcohol. 
Pure dry air. 
05H~20, 
tension (?). 
6 214{ 
5 
6 
6 
2 199 
142]175[153J162"1[ 156"1[} f - ! 
139[ 1731 53[ 160'61 154"61 155'3 100"(30 
154 t 155"3 I 1401 1711 160"3 1 
135{ 16S I 147] 155"41 49.4{] 
140 169 149 157.4 1151.4 1 151.2 97.36 
V. Benzol. 
Q6 
Pure dry air. 478445445 
Ostts, 1462 440 42 millims. 458 
7961 6901 7461 7 4 725.8[ 280.8 | I 
7991 6971 7461 710 725'8 280"81 } 279"61100"001 
830[ 7741 740 755"71 277"2 t ) I t 
263"911 [ I 747[ 713] 725"9 
670 722 687 700-8 260-8 } 262'3] 93-81 ]
802 691 739 707 720"1 262"1 J 
Conclusions. 
We have already remarked more than once how great an 
importance attaches to the investigation of the absorption of 
radiant heat by gases and vapours in reference to meteoro- 
logical questions. As far as aqueous vapour is concerned, 
since the first discussion of this subject by Tyndall until now, 
there has been no hesitation in ascribing that which has been 
measured only for a small number of wave-lengths to other 
wave-lengths, or even to the whole spectrum. Two generali- 
zations have been made--one to the absorption of the radia- 
tion of the earth, the other to the absorption of the radiation 
of the sun by our atmosphere. 
As far as the radiation of the earth is concerned, we have 
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24 MM. Lecher and Pernter on the Absorption 
here to do with wave-lengths which are almost all greater 
than those which have been examined in the laboratory. 
Hence all conclusions and remarks in this direction are 
only admissible on the assumption that the absorption-ratios 
found bold good for the neighbouring less-refrangible r gion 
of the spectrum ; and this, however probable it may appear~ 
has never been proved. 
The opposite generalization, to the case of the absorption of 
the sun's radiation is just as little justifiable ; onlyhere there is 
somewhat more reason for the proceeding, since some of the 
wave-lengths in the sun's radiation coincide with those exa- 
mined by Tyndall. That portion of the total solar radiation 
must of course first be found which is caused by waves of 
shorter length than those of Tyndall's source of heat (270°). 
It is at present only possible to make a very rough estimation 
of this ratio, which may perhaps be reached as follows :--The 
incandescence of a body begins, according to Draper ~', at a 
temperature of 525 ° C. In order to find the ratio between 
the radiation at 270 ° C. and at 525 ° C. we will employ a law 
which Stefan t has stated as the result of all the experiments 
made in this direction. 
The quotient is found to be 
(273 + 270) 4 -  (273)':  (273 + 525) 4 -  (273)4; 
that is, as 1 : 4. The radiation of the body increases, there- 
fore, in the ratio f 1 to 4 when its temperature is increased 
from 270 ° to 525°; but the greater adiation is partly due to 
increase in the intensity of the old wave-lengths. We have 
therefore the discrepancy that at least the fourth part of the 
radiation of a blackened surface at 525 ° C. is due to wave- 
lengths which were already present at a temperature of 
270 ° C. Now Wm. W. Jacques :~ has shown that from the 
temperature of low redness up to the most intense white beat 
the relation of the energy of radiation is nearly the same. 
Consequently, at least the fourth part of the dark radiation 
nmst be produced by rays sucb as Tyndall investigated. I f  
now we assume, in accordance with the experiments of 
Miiller §, that the dark portion of the sun's radiation is only 
twice as great as the luminous portion, we shall have at least 
x ¼ of the intensity of the total solar radiation due to such 
wave-lengths a Tyndall employed. ( I f  the emission-coe~cient 
of the sun were not equal to unity, the above fraction 
* Phil. Mag. (4) xxx. 
t Sitzungsbe~chte, lxxix. Abth. 2. 
:~ Proceedings of the American Academy, new series, vol. vi. 1879. 
§ Pogg. Ann. cv. 
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of dark tteat-rays by Gases and Vapours. 25 
would only have to be slightly altered, as ma• be seen from 
the research of Jacques.) J:he discrepan@ will be still 
further increased by the improbable assumption that absorp- 
tion takes place only in the part of the spectrmn investigated, 
and that therefore the percentages of absorption found are 
distributed over the whole higher portion of the spectrum 
without undergoing increase there. 
When, therejbre, Tyndall finds for any medium an ab.¢orfl- 
tion of x per cent. by use of a source of heat at 270 ° C., the 
X, 
same length of the same medium must absorb at lent ~ per cent. 
of the solar radiation. 
With the question thus simplified, the discussion of the 
meteorological results becomes very simple. The mos~ accu- 
rate measurements are those of Violle *~ who, as is well known, 
made experiments on the intensity of solar radiation on the 
summit of Mont Blanc and at its foot, on the Glacier des 
Bossons. He obtained an absorption of 16 per cent. in the 
intervening air. 
We can easily calculate from this what absorption one metre 
of air such as that on the top of Mont Blanc would exert, if 
we employ the law of absorption, as we may certainly do for 
such an approximation as this. 
The height of the barometer on the summit was 430 rail- 
liras., on the Glacier des Bossons, 661 ; hence the intervening 
column of air, reduced to atmospheric pressur% would have 
a thickness of 2428 metres. From the formula 
A=Ee-d .~ 
where A denotes the emergent heat, E the incident heat, and 
d the thickness of the layer, in metres, x is found to be 0"00007; 
and hence for one metre A ---- 99"9930, or there is an absorp- 
tion of 0"0070 per cent. But now, according to Tyndall, a 
column of air of one metre thickness hould absorb 0"086 per 
cent.t, and then Violte should have found for this length at 
least 0"086 x ~, or 0"0147 per cent. Hence it follows that the 
absorption by air alone is sufficient o account for the absorp- 
tion of the sun's rays in our atmosphere. 
After what has been said, T yndall's result, that aque- 
ous vapour in a length of one metre absorbs 4 to 6 per 
* Compt. _Rend. 1876, i. pp. 662 & 729. The heat received from the 
sun amounted to 2"392 cal. per minute and square centlmetre on he 
summit of Mont Blanc, and 2-022 at the foot of the mountain. 
t This number is calculated from Table I. p. 80. There, exceptionally, 
it is possible to calculate the percentage, since ammonia is given as com-
pletely opaque, the corresponding number 1195 representing therefore the 
total radiation. 
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26 MM. Lecher and Pernter on the Absoriotlon 
cent,, will appear altogether unintelligible (ttoorweg finds 
1"5 per cent., and Garibaldi even 92 per cent ; this last, it is 
true, at a lower temperature); and still less intelligible the 
constant reference to the absorption of the sun's rays by the 
action of aqueous vapour--a fact which Secchi ~, for example, 
amongst others, supports. It is true that Tyndall employed 
aqueous vapour of much higher tension than could be present 
on Mont Blanc. 
The weight of vapour present in the layer of air between 
the Glacier des Bossons and the summit of Mont Blanc may 
be calculated by means of a formula given by ttannt. The 
data required are the difference in height h=3610 metres, 
and the tension of the aqueous vapour p0, in millimetres, on 
the Glacier des Bossons, which, according to Violle's measure- 
ments, was 5"3 millims. ; also the temperatures of the upper 
and lower stations tl and t~, which, according to Violle's data, 
were 1 c C. and 90"5 C. 
0"0010582 h 
Q= . tx+tPoXO'2832{1- -10-@} =11"3 kgrm. 
1 -I- tt 2 
Then 11 kgrm. would saturate a layer of air of 1040 cubic 
metres at a temperature of 12 °, which was the temperature in 
Tyndall's laboratory. One metre of this layer would absorb 
0"017 per cent. if the whole of the absorption were due to the 
aqueous vapour: this number must be multiplied by 6 to make 
it applieablc to Tyndall's experiments; and then, from the 
equations 
99'90= 100 e-"~, 
95 = 100e-Y "~, 
we find that, talc{ng Violle's measurements a correct, a 5-per- 
cent. absorption of ]~eat-radiation .from a body heated to 270 ° 
would require a length of at least 50 metres of saturated aqueous 
vapour at 12 ° C., whilst Tyndall (and, in a smaller degree, 
tIoorweg) finds the same absorption for a length of 1"22 metre. 
From what has been said it is clear that a definitive solution 
of the question of the actual absorption i  our atmosphere can- 
not be given at present--the more so, since the carbonic acid 
and the vegetable and animal organisms in the air must be 
taken into account in deciding this question. 
A decisive solution can only be obtained when the absorp- 
tion is known for the different parts of the spectrum. 
For the absorptions~ sofar as they have been measured, are 
Pogg. Ann. cxxvi. 
t Zeitschrift der 5sterr. Ges. fiir Meteor. Bd. ix. 
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of dark Heat-rays byGases a~d Vapours. 27 
certainly made up of many portions, possibly compensating 
each other. On this account the r sults obtained in physical 
experiments are not applicable to the explanation of any mo- 
lecular condition of matter whatever, and in future the inves- 
tigation of absorption-spectra must be extended to he domain 
of heat-radiatlon. 
These considerations induce us to attach but little value to 
the connexion between chemical composition and absorption 
which we have pointed out in this investigation. 
l:tence it follows that a comparison of the absorption-coeffi- 
cients of different substances is only possible at equal pressures. 
Since, as already said, in no one of the cases examined was 
there any regular connexion between pressure and absorption, 
we chose a graphical method, in which we represented the 
pressures as abseissm and the absorptions as ordinates. The 
absorption-coefficients of he substances examined, which be- 
longed to the fatty series (containing nearly equal numbers of 
molecules) were, for the radiation of a source of heat at 100 °, 
approximately in the following order:-- 
I. Methyl alcohol, formic acid, carbonic oxide, carbonic acid, 
chloroform. 
II. Ethyl alcohol, acetic acid~ ethyl ether, ethylene. 
I i I .  Butyl alcohol. 
IV. Amyl alcohol. 
Whilst the absorption of the substances placed in any one 
line appeared to us nearly the same (with exception of the 
probably not quite pure acetic acid), the absorption appears to 
increase rapidly with increasing percentage of carbon; and, 
further, the absorption appears to be essentially dependent on 
the number of carbon atoms directly combined with each other 
by simple linking. Thus, for example, benzol, in spite of its 
six carbon atoms, exerts only a very small absorption, pro- 
bably in consequence of the mode in which the carbon atoms 
are combined. 
Yet all these relationships may be purely accidental; not 
until we have a spectroscopic investigation of the ratios of 
absorption shall we be in a position to draw conclusions on the 
modes of vibration of the atoms. The extraordinary difficulty 
of investigations of this sort would be richly repaid by the 
attainment of quantitative results; whilst the corresponding 
optical investigations (immeasurably easier) will always remain 
more of a qualitative nature. 
Physical Institute of Vienna. 
D
ow
nl
oa
de
d 
by
 [U
Q 
Li
bra
ry]
 at
 05
:43
 04
 Ju
ne
 20
16
 
j 
~3 
. ! 
f 
a \  
/ 
I 
I 
D
ow
nl
oa
de
d 
by
 [U
Q 
Li
bra
ry]
 at
 05
:43
 04
 Ju
ne
 20
16
 
